
FOREWORD 

This booklet is dedicated primarily to the students in vocational schools and to their counterparts in 
industry, the apprentices in training classes. We hope it will be of special benefit to those veterans who 
are training on the job and that it will help to speed the day when they will be fully qualified as 
skilled craftsmen. We hope, too, that it will, at least in a small way, lighten the burden of those men 
whose patience, devotion and kindly understanding have taught many a young hand to work accurately 
and well—the school shop instructors. 

This booklet does not pretend to describe or show all of the precision measuring tools available. For 
that purpose, we can best refer you to the Starrett Catalog 
which for so many years has been the buying guide and 
reference book of tool users. Your tool dealer will gladly 
provide one without charge and, if you have not already 
done so, we suggest that you take this opportunity to make 
his acquaintance. You will find him an invaluable source 
of information, not only about tools, but about the thousand 
and one other items which he supplies. 
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NEW STANDARDS OF ACCURACY 


Scientists have now discovered an atomic "yard¬ 
stick” which promises to serve as a standard of mea¬ 
surement 10 times more accurate than any heretofore 
in use. Still in laboratory stages, this new "measur¬ 
ing lamp” contains a special kind of mercury made 
from gold by atomic bombardment. The light rays 
which it emits can be used to measure in billionths 
oi an inch! 

How does this news affect the machinist or pre¬ 
cision worker accustomed to thinking in terms of 
sixty-fourths or thousandths of an inch? The answer 
is very little! Must he change the methods to which 
he has long been accustomed? Must he learn to use 
new tools weird and wonderful in form? The answer 
is no! 

What it aoes mean is that science has taken an¬ 
other great stride toward establishing absolute 
laboratory standards which will permit working 
within close tolerances with greater ease and ac¬ 
curacy. In industry, it will lead to the development 
of better, more accurate master gages to be used in 
the manufacture and inspection of measuring tools. 
It is in line with the current trend toward greater 
economy and efficiency through better standards of 


dimensional control in production and inspection. 

Know Your Limits 

While on the subject of accuracy, a word of advice 
may not be amiss. It is quite possible to be too 
accurate in production work. Striving for accuracy 
beyond prescribed limits can be just as inefficient 
and wasteful of time and effort as gross inaccuracy. 
Not even pride of workmanship can justify one 
craftsman slowly and painstakingly producing parts 
to an accuracy of one ten-thousandth while his 
bench mate turns out matching components that 
merely meet the specified tolerance of plus or minus 
several thousandths. What is desired, and that to the 
highest degree, is the ability to produce work rapidly 
and consistently that measures up to the estab¬ 
lished standards. It is the purpose of this booklet to 
review the means and the methods of achieving uni¬ 
form accuracy according to the standards com¬ 
monly accepted in industry today. 

The Yard and the Meter. Nearly all measurements 
common in shop practice involve measurements of 
length. Linear measurements are so numerous and of 
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such importance that a multitude oi measuring tools 
are available for the purpose of obtaining them. 

Two units of linear measurement are now common 
in the United States. One, the British yard, as defined 
by the Weights and Measures act of 1878 is most 
familiar in its subdivisions of feet, inches and frac¬ 
tions of an inch. Once as loosely defined as the dis- 


Fig. 1—Most used and 
most useful. A 1-inch 
micrometer, Combina¬ 
tion Square with center 
head, Center Gage, 6- 
inch Flexible Rule, Cen¬ 
ter Punch, Inside Cali¬ 
per, Dividers, Outside 
Caliper and Hermaphro¬ 
dite Caliper make an 
excellent nucleus for a 
set of measuring tools. 

tance from the thumb-tip to the end of the nose of 
English King Henry I, it is now more precisely de¬ 
fined by the British as the distance between lines 
inscribed on two gold plugs in a bronze bar when 
taken at a specified room temperature. We, too, have 
a prototype of the yard which is kept in the Bureau 
of Standards in Washington but prefer to base our 
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definition of the yard on the standard for the meter 
which is even more precisely established in terms of 
a given number of wave lengths of the red light 
produced by a cadmium vapor lamp under carefully 



Fig. 2—Section of a steel rule graduated by the English 
System to 64ths inch on one edge and by the Metric 
System to millimeters on the other. 

specified conditions. The meter, which is the basis of 
the metric system accepted as the standard system 
of measurement in many countries, is subdivided 
into centimeters, millimeters, and fractions of a 
millimeter with one-fiftieth of a millimeter being 
about the limit encountered in general shop prac¬ 
tice. Most shops handling instrument and scientific 
work as well as producing parts for export are 
equipped with measuring tools calibrated by the 
metric system. 

Sight and Touch 

In striving to develop habits of consistent ac¬ 
curacy in measurement, it is well to remember that 
we are primarily dependent upon two senses in 
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making nearly all measurements—the sense of sight 
and the sense of touch. Not all of us are blessed 
with perfect vision but any shortcomings in that di¬ 
rection can be largely overcome by corrective eye 
glasses. A magnifying glass or eye loupe should be 
part of every precision worker's equipment. Good 
light, either natural or artificial, is also essential. 

The sense of touch becomes important when using 
contact measuring tools. A skilled mechanic with a 
highly developed sense of "feel" can readily detect 


Fig. 3 —When contact measuring tools are held lightly by 
the fingers, it is possible to "feel" extremely slight differ¬ 
ences in dimension. 
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a difference in contact made by changes in dimen¬ 
sion as small as 0.00025". While the acuteness of 
the sense of touch varies with individuals it can be 
developed with practice and proper handling of 
tools. In the human hand, the sense of touch is most 
prominent in the fingertips; therefore, a contact 
measuring tool should be properly balanced in the 
hand and held lightly and delicately in such a 
way as to bring the fingers into play in handling or 
moving the tool. If the tool is harshly grasped, the 
sense of touch or "feel" is greatly reduced. 

Estimation. Sight and touch are frequently com¬ 
bined by the skilled worker to estimate measure¬ 
ments finer than the graduated limits of a tool. For 
example, on the average micrometer graduated to 
read to thousandths of an inch, the space between 
the smallest graduations on the thimble is approxi¬ 
mately 1/16 inch. Variations in size much smaller 
than the thousandth of an inch which this space 
represents can readily be felt and judged by eye 
with reasonable accuracy. It is of course always best 
practice to work within the limits for which a mea¬ 
suring tool is designed but when circumstances make 
it necessary, it is possible to extend the limits by 
estimating sub-divisions of the smallest graduations 
in simple fractions such a 1/2, 1/3, 1/4, etc. 



Care of Tools. It goes without saying that pre¬ 
cision measuring tools should be handled with the 
greatest of care. Good tools are made of hardened 
steel and will stand a lifetime of use without break¬ 
age but the accuracy of even the finest tool can be 
quickly impaired by careless or abusive treatment. 
In working with measuring tools, be careful to avoid 
accidental scratches or nicks that will obscure 
graduations or distort contact surfaces. Rust is the 
enemy of all finely finished surfaces. Tools should 
be wiped clean of finger prints after using and kept 


Fig. 4 —A variety of tools are used for linear measure¬ 
ments. The man at the left is checking a hard-to-reach di¬ 
mension with a large Micrometer Caliper. The man at the 
right is using a Dial Test Indicator mounted on the jaw of 
a Vernier Caliper to compare the uniformity of height of 
several similar surfaces. 
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in separate boxes or cases. A light dressing of oil 
applied with a soft, lint-free cloth will protect tools 
in storage. 

LINEAR MEASUREMENTS 

Linear Measurements on flat surfaces are perhaps 
the most common measurements made in general 
practice. The tool used varies with the size of the 
dimension, the nature of the work and the degree of 
accuracy required. It may range from a steel tape, 
rule, divider or trammel to a micrometer or Vernier 
caliper. The measurement may be made direct as 
with a steel rule or slide caliper in which the di¬ 
mension is read directly from a graduated scale with 
the tool in contact with the work or it may be made 
indirectly by comparison with a separate scale or 
standard using dividers, calipers or a surface gage 
to transfer the measurement. Many related tools such 
as straight edges, steel squares and protractors are 
used in conjunction with linear measuring tools to 
determine flatness, straightness, squareness and 
angularity. 

For Round Work, measurements are usually made 
by contact, using tools with contact points or sur¬ 
faces such as spring calipers, micrometers. Vernier 
calipers, etc. Contact measurements are made in two 


ways: (a) by pre-setting the tool to the required 
dimension, using a steel rule, micrometer or other 
tool as a gauge, and then comparing the set dimen¬ 
sion with the actual size of the work and (b) the 
reverse of this method, viz.: first setting the contact 
points to the surfaces of the work and then using a 
steel rule, Vernier or micrometer caliper to read the 
size. The first method is generally preferred where 
repeated tests must be made such as in machining a 
piece to a given size or when checking the same 
dimension on a number of identical parts. The sec¬ 
ond method is preferred for determining the actual 
size of the piece or when an accurate measure of 
variation from a required standard is desired. 



Fig. 5—Inspecting cylindrical work with a Micrometer 
Caliper. Plus or minus variations from the desired size can 
be quickly noted and measured. 
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HOW TO TRANSFER MEASUREMENTS 



Fig. 6—Pre-setting a large screw-adjusting Firm Joint 
Caliper to an inside Micrometer Caliper before checking 
progress of a cylindrical cut. 

Transferring Measurements may be a delicate 
job or not, depending upon the degree of accuracy 
sought. One of the most common of all tools for 
transferring measurements is the bow caliper. 
These are made with the legs curved inward or out¬ 
ward for making outside or inside measurements. 
When the calipers are set to the work, care should 
be taken to bring the points into contact without 
excessive pressure that might cause the legs to 


spring and introduce an element of error. The 
measurement is then transferred to a steel rule. In 
this way, it is possible to transfer lengths with an 


Fig. 7—An inside measurement established with a Tele¬ 
scoping Gage is transferred to and measured by a Mi¬ 
crometer Caliper. 
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error of less than 0.002". More accurate readings can 
be obtained when a micrometer or Vernier caliper 
is used to measure the distance between points of 
the spring caliper. It is here that the sense of 
"feel" becomes important in judging measurements 
precisely. Differences in size too small for the eye 
alone to detect can be readily felt as differences in 
the ease with which the tool slips over the work or 
between contacts of the standard. In setting calipers 
either to the work or to the standard, a firm but not 
hard contact is desirable. The feel of the slight re¬ 
sistance to movement of the contact points can be 
retained in the memory long enough for extremely 

STEEL RULES AND RELATED 

The Rule is the basic measuring tool from which 
many other tools have been developed. Rules are so 
essential and so frequently used on a variety of 
work that they are offered in a truly amazing selec¬ 
tion to suit the needs of the precision worker. They 
range in size from as small as one-quarter inch in 
length for measuring in grooves, recesses and key- 
ways to as much as twelve feet in length for large 
work. Steel rules are graduated in the English or 
Metric system and sometimes scales for both systems 
are provided on a single rule. They can be had 
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precise comparison between work and standard. 

While it is possible in this way to transfer by feel 
a length with as small an error as one-quarter of 
one thousandth inch, there are times when it is not 
practicable to do so without introducing possibilities 
of error. For that reason, mechanics prefer to use 
tools which can be read directly in thousandths or 
ten-thousandths of an inch such as Vernier or mi¬ 
crometer calipers for more accurate contact work. 
Here again, the sense of feel is important and de¬ 
veloping the habit of using the same pressure for 
every measurement when setting the contact points 
contributes greatly to uniform accuracy. 

TOOLS 

graduated on each edge of both sides and even on 
the ends. English system graduations are commonly 
as fine as one sixty-fourth inch in fractions or one- 
hundredth inch when graduated decimally. Metric 



Fig. 8—A thin, flexible, pocket rule with quick reading 
graduations and a tapered rule for measuring holes and 
narrow slots. 
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Fig. 9—Note the hook on the end of this long steel rule 
which insures accuracy when alignment with the work 
cannot be checked visually. 


graduations are usually as fine as one-half milli¬ 
meter. Starrett rules are graduated to agree with 
accurate standards furnished by the United States 
Government. These standards are sent to the Bureau 
of Standards at Washington at frequent intervals to 
check for accuracy and so that even minute errors 
due to wear can be detected and provided for. 

Variations of the Steel Rule. Close working 
mechanics lean to the 6-inch rule as the most con¬ 
venient length to carry about on the person. For 
such purposes, a spring tempered rule is desirable 
since it is both thin and flexible yet has ample stiff¬ 
ness to provide a straight measuring edge. Small 
rules may be had with a tapered end for measuring 


in small holes, narrow slots, from shoulders, etc. 

Another favorite pocket rule is the slide caliper 
rule made with a hook on one end and a sliding 
thumb piece which provide contacts that bear 
against the work. This rule is especially useful in 
stockrooms where frequent quick measurements are 
made on small rods, tubing, sheet stock, etc. 



Fig. 10 —Pocket Slide Calipers measure both inside and 
outside dimensions. 


The hook feature which is available on many 
rules is a decided convenience. Not only does it 
provide an accurate stop at the end of the rule for 
setting calipers, dividers, etc., but it can be used 
for taking measurements where it is not possible to 
be sure that the end of a plain rule is even with the 
edge of the work. 
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Key-Seat-Rules are necessary for laying off mea¬ 
surements or drawing lines parallel to the axis of 
cylindrical work such as measuring lengths for 
splining keyways on shafting. Key-seat rules are 
angular in cross section with the two edges forming 
a box square when applied to the surface of a cylin¬ 
drical piece. 

Because long steel rules introduce a storage prob¬ 
lem in the tool crib or machinist's kit, they are avail¬ 
able jointed to fold to compact size. One Starrett 
folding steel rule is graduated in the normal way 
and also in circumference inches so that both the 
diameter and circumference of cylindrical work can 
be read directly from the same rule. 

Shrink Rules are used for laying out or working 
casting patterns and core boxes. Because the con¬ 
traction of various metals varies greatly as for ex¬ 
ample: cast iron, 1/8 inch to each foot; brass, 3/16 
inch to each foot; and tin, 1/4 inch to the foot, shrink 
rules are made oversize to allow for this contraction 
and graduated to distribute the extra length uni- 



Fig. 11 —A Key-Seat Rule is flanged to lie parallel with 
the axis of cylindrical work. 



Fig. 12 —Quick reading figures on a steel tape eliminate 
confusion and errors. Foot figures appear beside each inch 
mark. 


formly throughout the rule. Double shrink rules are 
used when a working pattern is cast from a master 
pattern as in production moulding and two shrinks 
must be provided for. 

The Steel Tape provides a logical extension ot a 
graduated measuring tool beyond the practical limits 
of a steel rule. Although available in lengths up to 
100 feet and more, they are still remarkably ac¬ 
curate. The co-efficient of expansion of Starrett steel 
tapes as determined by the U. S. Bureau of Stand¬ 
ards is 0.000/006/45 per degree Fahrenheit which 
amounts on a 100-foot tape to only 0.007/74 inch per 
degree. Starrett tapes are graduated at a standard 
temperature of 68° Fahrenheit and under a standard 
over-all tension of 10 pounds. 

Like steel rules, steel tapes are available in a 
choice of graduations including English, Metric, 
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English-Metric, and in special graduations such as 
links and poles for surveyors. 

Slide Calipers are a refinement of the steel rule 
which make it possible to insure greater accuracy in 
aligning the graduated scale with the edges or 
points to be measured. With these tools, a head or 
pair of jaws is added to the rule, one jaw being 
fixed at the end and the other movable along the 
scale. Provision is usually made for clamping the 
movable jaw to lock the setting and often a fine 
pitch screw is provided for fine adjustment of the 



Fig. 13 —A Vernier Caliper is a rule developed to its 
highest form. Direct readings can be made in thousandths 
of an inch. 


slide. Readings are made from a line or lines on the 
slide, a second line usually being provided to allow 
for the thickness of the jaws when the tool is de¬ 
signed for both inside and outside measurements. 

Depth Gages are an adaptation of the rule or 
scale for measuring the depth of holes, recesses, etc. 
They are provided with a sliding stock or base set 
at right angles to the scale and with means for 
clamping the slide to lock the reading. 



Fig. 14 —A Combination Set with its principal parts; a 
straight edge or rule, a Center Head for locating centers 
of cylindrical stock, a Protractor Head for laying out 
angles, and the Square Head which also serves as a mitre, 
level, etc. 

A Combination Square represents a rule developed 
by means of attachments to the ultimate in utility. 
It consists of a graduated, hardened steel blade with 
a sliding try square head that also combines a 
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Fig. IS —Some uses of the Combination Square. 

mitre and level. This arrangement serves the mul¬ 
tiple uses of a rule, square, mitre, depth gage, height 
gage and level. In addition, an auxiliary centering 
head can be substituted for the square head for find¬ 
ing the centers of shafting and cylindrical pieces and 
for measuring the diameter or bore of cylinders. 

CALIPERS AND DIVIDERS 

As previously mentioned, bow calipers are the 
most commonly used tool for contact measurement. 
They are particularly useful for measuring distances 
between or over surfaces or for comparing dimen¬ 


sions or sizes with standards such as graduated 
rules. Because they are so frequently used for check¬ 
ing work in a lathe, a word of caution may be in 
order. Calipers should never be used while the 
work is turning. At best, the readings are inaccurate 
and misleading because the friction of the moving 
surface is sufficient to spring the legs or to draw the 
contact point away from the true diameter. There is 
always the danger of having the tool torn out of 
the hand with possible injury to the user. 

Calipers with the legs shaped either for inside or 
outside measurements are made in spring-bow style 
with an adjusting nut and screw working against 



Fig. 16 —Inside and outside Calipers and Dividers are 
typical “contact” measuring tools. 
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the tension of a spring, in firm joint style in which 
the tension of a nut and stud provides sufficient 
friction to hold the legs in any set position; and in 
Jock joint style with a knurled nut which may be 
loosened for free movement of the legs and tight¬ 
ened to lock the setting. Transfer Calipers are varia¬ 
tions of lock joint calipers with a stud or stop on 
a freely moving leg fitting into a slot or against a 
stop on an auxiliary leaf. The free leg can be moved 
in or out to clear collars, flanges or other obstruc¬ 
tions and then returned to the original setting 
against the stop to make the reading. 

Dividers are used for measuring dimensions between 
lines or points; for transferring lengths taken from a 
steel rule; and for scribing circles or arcs. The con¬ 
tacts are sharp points at 
the ends of straight legs 
and close measurements 
are made by visual com¬ 
parison rather than by feel. 
Dividers are restricted in 
range by the opening span 
of the legs and become less 
effective for scribing and 
similar uses when the 
points are sharply inclined 
to the surface worked 



Fig. 17 —Hermaphrodite 
and Keyhole Calipers. 



Fig. 18 —For scribing or transferring measurements be¬ 
yond the range of dividers, a Trammel is used. 


upon. For transferring or scribing dimensions of 
considerable length, the mechanic resorts to a 
trammel on which the points are adjustable along 
a bar or beam and the legs are always perpendicu¬ 
lar to the surface worked upon. 

Hermaphrodite Calipers combine a straight divider 
leg and a curved caliper leg and are used for 
scribing parallel lines from an edge or for locating 
the center of cylindrical work. Keyhole Calipers are 
similar in appearance to hermaphrodite calipers ex¬ 
cept that the straight leg does not taper and has a 
blunt end. They are used for calipering work from 
a hole or close to an edge where it would be impos¬ 
sible to use a bent leg. 
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VERNIER TOOLS AND HOW TO READ THEM 


The Vernier, invented in 1631 by Pierre Vernier, 
is in effect a combination of steel rules which per¬ 
mits exceedingly accurate readings. The Vernier 
Caliper consists of a graduated steel rule or bar on 
one end of which is a fixed jaw or contact point. A 
movable jaw sliding on the bar carries a graduated 
plate arranged so that 
it may be compared 
with the fixed scale. 

The fixed scale is 
graduated in fortieths 
of an inch (.025) with 
every fourth division, 
representing a tenth of 
an inch, being num¬ 
bered. The Vernier 
plate is graduated so that the space of 25 gradu¬ 
ations is equal to 24 divisions on the fixed scale. In 
other words, each graduated space on the plate is 
one twenty-fifth of one fortieth of an inch (or one 
thousandth of an inch) less than a corresponding 
space on the fixed scale. 

If the tool is set so that the zeros on the bar and 
the Vernier scale coincide exactly, it will be noticed 
that the lines on the bar and scale to the right of 



the zero marks are out of line, each by an increasing 
amount, so that the twenty-fifth mark on the Vernier 
scale is a full division short or, in fact, coincides 
exactly with the twenty-fourth division on the bar. 
Remembering that each division on the plate is one 
thousandth of an inch shorter than each division on 


Fig. 20 —Using a Vernier Caliper to check dimensions of a 
drawing die. The mechanic is making a fine adjustment of 
the jaw by means of the adjusting nut and screw which 
connects the two slides. Other precision measurements are 
made with the Vernier Height Gage and the Vernier Depth 
Gage in the foreground. 
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the bar, it can be seen that with the zero marks 
exactly aligned, the first marks to the right on the 
bar and plate will be .001” out of line, the second 
marks .002" out, the third .003”, and so on. Now, if 
the slide is adjusted to bring the first two marks 
into line, the jaws will have opened .001”. If the 
fourth pair of marks are brought into line, the jaws 
will be open .004”, lining up the eighth pair of 
marks will open the jaw .008”, etc. 

Once this progression and the reason for it are 
understood, the principle can be employed to read 
any part of the scale on the bar. For example, in 
Figure 19, it can be seen that the Vernier has been 
moved to the right one and four-tenths and one- 
fortieth inches plus a slight amount more (1.425+''). 
It will be noticed also that the eleventh line on the 
plate is the only line which coincides exactly with a 
line on the bar. This indicates that the zero mark on 
the Vernier is eleven thousandths of an inch to the 
right of the nearest fortieth mark on the bar. Adding 
eleven thousandths of an inch to the previous read¬ 
ing gives a total reading of one and four hundred 
and thirty-six thousandths of an inch or 1.436”. 

The Vernier principle is applied to many tools 
such as Vernier Height Gages, Vernier Depth Gages, 
Vernier Protractors, Dovetail Vernier Calipers, Gear 



Tooth Vernier Calipers, etc. In the case of Vernier 
Calipers and Vernier Height Gages, scales are fre¬ 
quently provided on opposite sides of the tool for 
measuring inside and outside dimensions. Care 
should be taken to use the correct scale since allow¬ 
ance is provided on one side for the thickness of 
the jaws. 


Fig. 21 —A Vernier Height Gage is indispensable for meas¬ 
uring or marking off vertical distances when a high degree 
of accuracy is required. 
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THE MICROMETER AND HOW TO READ IT 


Speak of precision measuring and the average 
person will think immediately of a micrometer cali¬ 
per. There is good reason for this popularity for a 
micrometer caliper can be used to make a variety 
of accurate measurements without the possibility of 
error through misreading which exists when other 
finely graduated tools are used. 

In effect, a micrometer caliper combines the 
double contact of a slide caliper with a precision 
screw adjustment which may be read with great ac¬ 
curacy. It operates on the principle that a screw 
accurately made with a pitch of forty threads to the 
inch will advance one-fortieth (or .025) of an inch 
with each complete turn. As the sectional view 
shows, the screw threads are on the spindle con¬ 
cealed by a sleeve. On a micrometer caliper of one 
inch capacity, the sleeve is marked longitudinally 
with 40 lines to the inch corresponding with the 
number of threads on the spindle. Every fourth line 
is made longer and is numbered 1, 2, 3, 4, etc. to 
indicate one-tenth inch, two-tenths, etc. 

The beveled edge of the thimble is marked into 
twenty-five divisions around the circumference and 
numbered from 0 to 25. When the caliper is closed, 
only the 0 line on the sleeve can be seen next to 
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the beveled edge of the thimble and the 0 line on 
the thimble is aligned with the horizontal or axial 
line on the sleeve. Remembering that every com¬ 
plete revolution of the thimble from 0 to 0 advances 
or retracts the spindle one-fortieth (or .025) inch, 
rotation of the thimble from 0 on the beveled edge 
to the first graduation will retract the spindle one 
twenty-fifth of one fortieth, or one twenty-fifth of 
twenty-five thousandths, which is one thousandth 
(.001) of an inch. 

If you will remember that each numbered gradu¬ 
ation on the sleeve represents .1", that each of the 
other sleeve graduations represent .025", and that 


each graduation on the thimble rep¬ 
resents .001", you will have no trou¬ 
ble reading a micrometer. For ex¬ 
ample, in Figure 22, the 1 line is 
visible which accounts for .100". In 
addition, there are three more short 
lines, each representing .025", or 
combined, .075". On top of that, there 
are three divisions' on the beveled 
edge of the thimble beyond the 0 
mark, each standing for .001" or 
.003" in all. Adding these up, we 
have: .100 plus .075 plus .003 equals 
.178. The reading is .178". 

It may help to remember this at first by thinking 
of the various units as if you were making change. 
Count the figures on the sleeve as dollars, the un¬ 
marked lines on the sleeve as quarters and the lines 
on the thimble as cents. Add up your change and 
put a decimal point instead of a dollar sign in front 
of the figures. 

When the graduations on the sleeve are numbered 
in the opposite way (from 10 to 0) as on a microm¬ 
eter depth gage, it should be remembered that the 
total reading is something less than the lowest 
graduation visible on the sleeve. 
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How to Read to Ten-Thousandths 
With a Vernier Micrometer 

If you have mastered the principle of the Vernier 
as explained on page 13, you will have no trouble 
reading a Vernier Micrometer in ten-thousands of an 
inch. The only difference is that on a Vernier 
Micrometer, there are ten divisions marked on the 
sleeve occupying the same space as nine divisions 
on the beveled edge of the thimble. Therefore the 
difference between the width of one of the ten 
spaces on the sleeve and one of the 
nine spaces on the thimble is one- 
tenth of a division on the thimble. 

Since the thimble is graduated to read 
in thousandths, one-tenth of a division 
would be one ten-thousandth. To make 
the reading, first read to thousandths 
as with a regular micrometer, then see 
which of the horizontal lines on the 
sleeve coincides with a line on the 
thimble. Add to the previous reading 
the number of ten-thousandths indi¬ 
cated by the line on the sleeve which 
exactly coincides with a line on the 
spindle. In figure 23B, the 0 on the 


thimble coincides exactly with the axial line on the 
sleeve and the Vernier 0 on the sleeve is the one 
which coincides with a line on the thimble. The 
reading is therefore an even .2500". In figure 23C, 
the 0 line on the thimble has gone beyond the axial 
line on the sleeve, indicating a reading of more 
than .2500". Checking the Vernier shows that the 
seventh Vernier line on the sleeve is the one which 
exactly coincides with a line on the thimble, there¬ 
fore the reading is .2507". 
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MICROMETER TYPES AND FEATURES 


Adjustment for Wear. Dirt between the anvil and 
spindle will cause a micrometer to read incorrectly 
but if these surfaces are clean and brought together 
carefully and the zero line on the thimble and the 
axial line on the sleeve fail to coincide it is ap¬ 
parent that some wear has occurred either in the 
screw or at the contact surfaces. Readjustment is 
readily made in Starrett Micrometers by turning the 
friction sleeve by means of a small spanner wrench 
until the zeros again agree. 

Quick Measurements. Micrometers are available 
with a ratchet stop so designed that the spindle will 
not turn after more than a given amount of pressure 
is applied. This feature is of value when a number of 
measurements are made or when the measurements 
are made by more than one person with the same 
caliper. When the anvil and spindle are in proper 
contact with the work, the ratchet slips by the pawl 
and no further pressure is applied. The ratchet 
stop may be incorporated in a small auxiliary 
knurled knob at the end of the thimble or the fric¬ 
tion stop mechanism may be built into the thimble 
as a thimble friction where it reduces the required 
span of thumb and fingers and makes it easier 


to use the micrometer with one hand. 

A knurled lock nut (see sectional view, Page 15) 
contracts a split bushing around the spindle, lock¬ 
ing the spindle firmly in one position and convert¬ 
ing the caliper into a solid gage. 

Many shapes and sizes of Micrometer Calipers 
are available for special purposes such as: sheet 
metal micrometers with deep U frame which permits 
gaging over beading or flanges or at any point on a 
surface including near the center of the sheet; 
screw thread micrometers with pointed spindle and 
a Vee anvil for measuring threads; ball anvil mi¬ 
crometers and tube micrometers for measuring tubu¬ 
lar or curved surfaces; and paper gage micrometers 
with wide-faced anvil and spindle for measuring 
the thickness of paper, 
rubber, cardboard and 
other soft or resilient 
materials. Micrometer 
calipers are also made 
in a wide range of sizes 
and in matched sets 
with capacities up to 24 
inches and more. 
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For service involving continuous hard use or 
under abrasive conditions, micrometers are avail¬ 
able with long wearing tungsten carbide lacings 
or boron carbide inserts of almost diamond hardness 
applied to anvils and spindles. Micrometers are also 
chromium plated with Satin Chrome Finish by the 
manufacturer to make them stain resisting, longer 
wearing, and to relieve eye strain. 

Inside Micrometer Calipers are an application of 
the micrometer screw principle to adjustable end 
measuring gages. The distance between ends or 
contacts is changed by rotating the sleeve on the 
micrometer head up to the extent of screw length, 
usually either one-half or one inch. Greater dis¬ 
tances are obtained by means of extension rods 
and suitable collars or gages which in various 
combinations cover the total range of the tool. 

Inside micrometer calipers are a little more diffi¬ 
cult to use than outside micrometer calipers. With 
spherical contact points more practice and caution 
is needed to “feel'' the full diametral measurement. 
Since one contact point is generally held in a fixed 
position, the other must be rocked in different direc¬ 
tions to be sure the tool is spanning the true 
diameter of a hole or the correct width of a slot. 



Fig. 25—A few of the many types and sizes of Starrett 
Micrometers: 1, an inside micrometer caliper with exten¬ 
sion rods; 2, a 1-inch tube micrometer for measuring 
tubular walls; 3, a screw thread micrometer for screw 
threads; 4, a 1-inch micrometer with lock nut; 5, a 1-inch 
micrometer caliper head; 6, a 1-inch micrometer with 
thimble friction and lock nut; 7, a IV 2 — 2 V 2 inch crank¬ 
shaft micrometer; 8, a 1" inside micrometer caliper; 9, 
a 1-inch micrometer with lock nut and ratchet stop; 10, 
a deep throat micrometer for sheet metal work; 11, a 
0-4 inch micrometer with interchangeable anvils; 12, a 
tubular frame micrometer with standards and interchange¬ 
able anvils for measurements from 12 to 18 inches. 
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DIAL INDICATORS 


Dial Indicators, commonly referred to as dial 
gages, provide still another method of measuring 
to close limits. In appearance they closely resemble 
a watch and, in fact, are made to fine watchmaking 
standards with carefully finished gears, pinions and 
other working parts and often with jeweled move¬ 
ments. The dials are calibrated in a variety of 
ways; for direct or continuous reading as from 0 to 


10, 0 to 50, etc., or for balanced or plus-or-minus 
readings as 0-5-0, 0-25-0, etc. Because dial indicators 
are so widely used in the tool and machine industry 
as part of machine tools, production machines, jigs, 
fixtures, etc., the National Bureau of Standards, 
leading dial indicator manufacturers and other 
interested parties have adopted a series of standards 
known as the American Gage Design Specifications. 




26 —Typical Starrett Dial Indicators in the tour stan- 
American Gage Design sizes: No. 656-T1 (3 5 /s" dia.) 
reading 0-5-0 by .0001"; No. 655-T1 (2 3 A" dia.) with toler¬ 
ance hands, reading 0-5-0 by .0001"; No. 25-T6 (2V<t" dia.) 
long range indicator with double dial and tell tale hand; 
No. 81-J (1 11/16" dia.) reading 0-10-0 by .0005". 
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These specifications establish standards for size, 
range, position of mounting lug, etc. 

Essentially, a dial indicator is a rack and pinion 
mechanism with a suitable gear train for translating 
a small movement of the rack or spindle into a large 
movement of the indicating hand. The magnification 
is controlled by the gear ratio. Normally a fairly 
short range of spindle travel is adequate and the 
practice is to have the range equal to two and 
one-half revolutions of the indicating hand. For 
special applications requiring greater spindle travel 
it is possible to obtain long range indicators such 
as a thousandths reading indicator with a range of 
one inch. Since the hand of an indicator of this 


Fig. 27—Checking the 
setting of teeth in a 
Hypoid Gear Cutter— 
one of hundreds of 
applications in which 
Dial Indicators are set 
up on machine tools 
jigs, fixtures, etc. 



type may make as many as ten complete revolu¬ 
tions in covering the range of the instrument, it is 
provided with a tell tale hand or revolution counter 
which is a small auxiliary dial and hand set into 
the larger dial and which records the number of 
revolutions of the large hand. For comparative in¬ 
spection operations, it may be desirable to have 
the indicator equipped with tolerance hands which 
may be set to indicate the plus and minus limits 
by means of a small knurled disc mounted on the 
outside of the crystal. The standard contact points 
of Starrett Indicators are removable and can be 
replaced with special contact points of almost any 
shape or length. When service conditions are severe 



Fig. 28 —For produc¬ 
tion inspection of du¬ 
plicate parts, it is 
standard practice to 
use special fixtures 
employing one or 
more Dial Indicators. 
This one is for gag¬ 
ing thread chasers. 
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Fig. 29 —A general purpose Dial Test Indicator checking 
the cutting edges of a broach. 

and the indicator is subject to harsh use or sharp 
impact, it is well to specify a shock resisting or 
shock absorbing type of indicator. The shock ab¬ 
sorbing feature may be embodied in the rack as¬ 
sembly or it may be incorporated as in the patented 
Starrett Shock Absorbing Anvil Unit in an inter¬ 
changeable point which may be substituted for the 
solid type contact point of any A.G.D, Standard 
indicator. 


Dial Test Indicators. Machinists and toolmakers 
have need of a more versatile and adaptable type 
of indicator for all-purpose use and find the 
Starrett Dial Test Indicator No. 665 or Starrett 
LAST WORD Indicators suited to their requirements. 
Dial Test Indicator No. 665 is supplied with attach¬ 
ments for using the indicator under almost any con¬ 
ditions such as inspection of jigs and fixtures, on 


Fig. 30 —The ease with which it can be set up for use on 
a wide variety of work makes this Dial Test Indicator 
combination particularly valuable to inspectors and tool- 
makers. As shown here, it is being used to check the accu¬ 
racy of a small angle parallel. The Steel Square, Bevel 
Protractor, Toolmakers' Clamp and Micrometer are typical 
tool room equipment. 






Fio 31 —Starrett LAST WORD Indicator has ratchet coniaci 
point reversible action, swiveling body and universal 
shank for ready adaptability to any set up or position. 


machine ways or platens, on work plates, in key- 
ways, tee slots or beveled surfaces, in tool posts, 
surface gage spindles, etc. The attachments include 
base, upright post, horizontal and right angle arm, 
clamp, tool post holder, swivel, base stops and key¬ 
way guide, hole attachment, etc. 

LAST WORD Indicators are probably the most 
completely flexible indicators of their type. They 
are universally adaptable by means of a reversible 
action ratchet contact point, swiveling tubular body 


and universal shank so that the tool can be quickly 
set up and the contact brought to bear on normally 
inaccessible surfaces such as in holes or slots, over 
face plate blockings, on either side of a flange, etc., 
while the dial remains in a convenient position for 
easy reading. Other popular Starrett Indicators of 
the Universal Dial Test Indicator type are Nos. 196 
and 645. No. 654 which is an inspector's bench gage 
has the Dial Indicator mounted on a sliding head 
which is adjustable on a post for height above an 
adjustable work holding table. Spindle lift and 
release are by means of a lever which makes the 
arrangement an excellent gage for inspecting du¬ 
plicate metal parts as well as samples of rubber, 
textiles, paper, leather, veneer, mica, plastics, etc. 



For detailed description and 
illustrations of the complete 
line of Starrett indicators, 
write for new Starrett Dial 
Indicator Catalog. 
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LAYING OUT WITH ACCURACY 


Laying Out is a shop term which includes the 
placing of lines, circles, centers, etc., upon the 
surface of any material to serve as a guide in 
shaping the finished piece. It is somewhat analogous 
to mechanical drawing but differs in one important 
respect. The lines on a mechanical drawing are used 
only for reference in visualizing dimensions and are 
not measured or transferred. For that reason, exact 
accuracy of spacing is not required. In laid out work, 
even a slight error in placing a line or center may 
result in a corresponding or greater error in the 
finished piece. For that reason, all lines should be 
exactly located and all scriber, divider and center 
points should be exact and sharp. 

Fine and accurate laying out which paves the 
way for accurate working and finishing continues 
to be one of the best examples of the precision 
worker's skill. Far from diminishing in importance 
as mass production methods introduce wider use 
of jigs and fixtures for duplicate production of parts, 
its value grows as the need for greater accuracy in 
the making of the jigs, fixtures, tools and production 
machines increases. 

Preparing the Surface. For rough surfaced work 


such as castings or for simple work where no great 
accuracy is required, rubbing chalk or a mixture of 
white lead and turpentine upon the surface of the 



Fig. 32 —Scribing lines with a Combination Square. The 
scriber should be held at a slight angle so that the scribed 
line will be parallel and as close as possible to the 
straight edge. 
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work will serve as a coating to make 
scribed lines more visible. For fine, exact 
layouts, on smooth or finished surfaces, a 
special marking solution should be used. 
One in common use is a mixture of one 
ounce copper sulphate to four ounces 
water to which a little nitric acid may be 
added. This solution applied to clean 
iron or steel gives a dull coppered sur¬ 
face on which even the finest scribed 
lines are clearly visible. 

For shops doing a volume of layout 
work, there is available a commercially 
prepared product known as blue layout 
dope which may be applied to any metal¬ 
lic surface and which will take clean, 
sharp scribed lines without chipping or 
peeling. For best results, the surface 
should be free of grease, oil, cutting so¬ 
lution, etc., before the dye is applied. 

Scribing Lines. An important feature 
of scribers, dividers, scratch gages, tram- 

Fig. 33 —This self-striking center punch con¬ 
tains a mechanism which automatically strikes 
a blow when the user exerts downward pres¬ 
sure. Adjustable for a light or heavy inden¬ 
tation, it is especially useful in layout work. 



Fig. 34 —A large surface plate used as a common, level 
plane for the work and measuring tools. The work is sup¬ 
ported by steel parallels so that the various dimensions of 
the cylinder can be checked in relation to a flange. 
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mels, surface gages and similar marking tools is a 
nicely finished, well tempered point, free from burr 
or distortion. Points should be checked frequently 
and ground or honed as required. The straight edges 
of rules, squares and protractors should also be 
inspected for dents and nicks and checked for 
trueness from time to time against a master square. 
Since the location of centers for drilling and the 
intersection of lines are marked with punched 
holes, care in using a center punch is extremely 
important. Considerable practice is required to 
develop the knack of striking a single crisp tap 
or blow with a hammer to produce a deep or 
shallow dimple as desired. For fine work, an auto¬ 
matic center punch in which a built-in, adjustable 
spring provides the striking force is a great asset 
since both hands are available to steady the tool 
and it is not necessary to look away from the 
exact point of contact until the impression is 
made. 

Laying Out Plate. For accurate laying out and 
for precision inspection of finished work, some sort 
of plane surface of reliable accuracy is required 
as a base for the work and for measuring tools such 
as surface gages, height gages and steel squares. 
Special metal plates known as leveling , surface or 


layout-out plates are available for this purpose. 
These are made in various sizes and are finished 
with a high degree of flatness and smoothness. 
Care should be exercised in placing and handling 
work and tools on the plate to avoid scratches and 
nicks and the plate should be protected with a 



Fig. 35 —Lacking a suitable base, the work is supported on 
small jack screws and clamped square with the plate. 
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suitable cover when not in use. All burrs, sharp 
edges and rough areas on the work should be re¬ 
moved before placing it on the plate. 

Work of irregular shape or with protruding bosses 
can be supported and leveled by means of steel 
parallels placed in contact with any two points in 
a common plane. Parallels are made in matched 
sets and should be purchased and used in pairs 
to insure matching accuracy. Finished work or cast¬ 
ings with a better bearing surface on the side can 
be clamped to a knee or angle irons which are then 
placed upon or clamped to the surface or face plate. 
Toolmakers' Clamps are used to hold the work 
securely. 

Since much layout work is concerned with the 
preparation of templates, gages, test and cutting 
tools, machine parts, jig and fixture parts, etc., it is 
well to know about the advantages of Ground Flat 
Stock. This is high grade tool steel put up in 18 
inch lengths in a variety of widths and thicknesses. 
It is accurately ground to within .001 inch in thick¬ 
ness and annealed for easy machining. Many shops 
have no facilities for grinding to close limits and 
even those which do, prefer the time-saving ad¬ 
vantage of keeping a stock of frequently needed 
widths and thicknesses on hand. Starrett Ground 


Flat Stock is available in two types: water harden¬ 
ing which develops maximum hardness when cooled 
rapidly in water, and oil hardening which is non- 
deforming and shows little if any change in volume 
from the annealed state after quenching in oil. 



Fig. 36 —Each piece packed in protective envelope with 
dimensions and heat treating instruction clearly shown. 



Fig. 37 —Some of the tools, gages, parts and pieces readily 
made with Starrett Precision Ground Flat Stock. 
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MEASURING LATHE WORK 



Fig. 38 —A kit of essential Starrett measuring tools suitable 
for school or home workshop and for general lathe work. 


Work done in the engine lathe is of such variety 
that a considerable list of measuring tools may be 
needed to cover all cases. Ordinarily, however, the 
principal measurements are concerned with center¬ 
ing the work in the lathe, measuring length and 
measuring diameters. 

HERMAPHRODITE 



Fig. 39 —Two methods of locating centers. 

Centering the Work. For efficient turning with 
a minimum of waste, and without excessive vibra¬ 
tion, it is necessary to locate the center of work 
to be turned with considerable accuracy. When the 
work is turned from ordinary cylindrical bar stock, 
this can be done readily using the center head at¬ 
tachment and the blade of a combination square 
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Fig. 40 — A Star¬ 
red Center Gage 
used for checking 
lathe centers and 
for setting thread 
cutting tools. 


to scribe center lines on the end of the piece, shift¬ 
ing the tool about 90 degrees between lines to 
arrive at a common center. A hermaphrodite caliper 
may also be used with the legs opened to approxi¬ 
mately half the diameter of the piece. Three or four 
arcs scribed from various points on the circum¬ 
ference will narrow down the location so that the 
true center can be estimated with considerable 
accuracy. The centers as determined by either 
method just described should be set with a center 
punch and then tested by spinning the piece in a 
lathe to check concentricity before drilling and 
countersinking the center holes. Where there is 
reason to suspect some distortion or variation in 
diameter of the work such as in forgings, it is good 
practice to use a height or surface gage and a 
surface plate to determine the centers. Lines scribed 
on the ends with reference to various points on the 
circumference will locate the center with provision 
for a fair average of surface errors and insure a 
reasonable balance while turning the forging to 
uniform diameter. Work so distorted as to teeter on 



the surface plate should be placed upon parallels 
or straight edges. 

Center holes are countersunk to match the 60° 
included angle of lathe centers. It is good practice 
to check the angle of the live and dead center 
points from time to time to make sure that they 


Fig. 41 —Checking work for concentricity with a Dial Test 
Indicator. Note that the work is revolved by hand. 
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Fig. 42 —A Starrett Surface Gage and some of its uses. 


have not become worn or distorted. This is done 
with a center gage , a little tool that is also useful 
in grinding and setting thread cutting tools. 

Measurements of Length and Diameter are per¬ 
formed with steel rules, calipers and dividers, mi¬ 
crometers, Vernier calipers, etc., according to the 
nature of the work and the degree of exactness 
required. In addition to these, the lathe operator 
finds considerable use for a surface gage, test in¬ 
dicators, telescoping gages and inside micrometers. 
The surface gage is useful for scribing lines around 


Fig. 43 — A Starrett 
"Universal Jr." Indi¬ 
cator and some of its 
many applications to 
lathe work. 






































ameters. The head of a telescoping gage expands 
across the hole and may be locked and calipered 
with a micrometer (see Fig. 7) to determine the 
exact size or the gage may be set to a standard 
and used to make shrink, close or loose fits. 

Small Hole Gages serve the same purpose for 
holes ranging from Vs to V 2 inch. They are made 
with a split ball at the contact end which is ex¬ 
panded to get the measurement which is then 
transferred to a micrometer. 


Fig. 44 —A Starrett Universal Dial Test Indicator 
with attachments. 
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cylindrical work or for scribing concentric circles 
on the face of work held in a chuck. Test indicators 
vary from a simple needle and sector arm arrange¬ 
ment to highly accurate and sensitive dial test 
indicators. These are especially valuable for truing 
up work in a lathe chuck since they can be used 
for checking internal and external concentricity as 
well as surface alignment. 

Telescoping Gages are sometimes preferred to 
ordinary leg calipers for measuring internal di¬ 


Fig. 45 —Checking the diameter of a hole after boring. The 
Micrometer is used to read the size of the caliper setting. 










Fig. 46 —By setting a telescoping Gage to a caliper or mi¬ 
crometer holes can be made and measured for shrink, 
close or loose fits. 

Fig. 47 Small hole gages are used for measuring holes too 
small for telescoping gages. This set of four covers a range 
from Vs to V 2 inch. 

Fig 48—(Checking the inside diameter of a collar with an 
Inside Micrometer. 
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MEASURING SCREW THREADS 


Quantity measurements of screw threads are best 
performed with special thread gages or comparators 
but there are frequent occasions when such equip¬ 
ment is not available or when it is necessary to 
determine the number of teeth per inch, the pitch 
or the pitch diameter of a few bolts, nuts or threaded 
holes or studs. Where a count of threads per inch 
is desired, an ordinary steel rule may be used. 
Count the number of threads between inch gradua¬ 
tions with the end of the rule exactly aligned with 
the root of one thread. Often the result will be 
less than a whole number or a whole number of 
threads plus a fraction of a thread. To arrive at 
the exact fraction, count the number of threads be¬ 
tween the end of the rule and the first inch gradu¬ 
ation that coincides exactly with a 
thread. Divide the number of threads 
by the number of inches. 

Fig. 49 —A Screw 
Pitch Gage. This 
gage has a posi¬ 
tive stop which 
holds the leaves 
in a fixed and 
convenient posi¬ 
tion for use. 


Fig. 50 —A Screw 
Thread Microm¬ 
eter. With the 
spindle closed as 
in the small 
sketch, the 0 on 
the thimble repre¬ 
sents a reading 
taken at line AB. 

Screw pitch can be determined readily with a 
screw pitch gage which is a set of thin leaves on 
the edge of which are teeth corresponding to 
standard thread sections. The leaves of Starrett 
Screw Pitch Gages are stamped to show the pitch 
number of the thread and also the double depth 
of the thread in decimals. This information is helpful 
in selecting the right diameter drill to use before 
tapping holes. Because the outside and inside or 
major and minor diameters of threaded pieces may 
vary depending upon the sharpness or fullness of 
the thread, measurements are usually made at the 
pitch line to find the pitch diameter. The pitch di¬ 
ameter is equivalent to the theoretical full diameter 
less the depth of one thread. Screw thread microm¬ 
eters with a pointed spindle and V-shaped anvil are 
used to measure pitch diameters. The point of the 
spindle and the vee shaped anvil are designed so 
that contact is made on the side of the thread. 





Page 33 






FACTS ABOUT FITS 

In machine construction many of the parts bear 
such a close and important relation to one another 
that a certain amount of hand fitting is essential 
to make the surface contacts as they should be. 
If the surfaces in contact are to move on each other 
the fit is classed as a sliding or running fit. If the 
surfaces are to make contact with sufficient firmness 
to hold them together under ordinary use, the fit 
is classed either as a driving, shrink, or forced fit. 

Sliding Fits. Under this head may be classed the 
fitting of cross and traversing slides of lathes, milling 
machines, drilling machines, boring machines, grind¬ 
ing machines, and planers. These fits are usually 
obtained by scraping. In most of these fits the mov¬ 
ing and stationary parts are held in contact with 
each other by means of adjustable contact strips 
or gibs. In some cases, such as the tables of grind¬ 
ing and of planing machines, their weight keeps 
them in sufficiently close contact. 

Running Fits. The journal bearings of spindles, 
crank shafts, line shafting, etc., are classed under 
this heading. 

Forced Fits and Shrink Fits. Under this head are 
classed those fits where the separate parts must 


act in use as if they were a single piece; as, for 
example, the crank pins and axles in locomotive 
driving wheels or the cutter heads and spindles of 
numerous woodworking machines. A forced tit is 
obtained by pressing one piece into another. A 
shrink tit is obtained by heating the outside piece, 
bringing it into proper relationship with the inside 
piece and allowing it to shrink into position as 
it cools. 

Limits. In the case of running and of sliding 
bearings a certain amount of hand fitting is neces¬ 
sary to obtain desired results, and in all cases 
certain limiting requirements prevail. In sliding and 
running bearings the limits are usually those of 
alignment and of contact, while in either journal 
bearings or in flat sliding bearings it is essential that 
certain accurate contact between the surfaces shall 
be made, and there will also be a limit of align¬ 
ment with other parts of the machine. For example, 
in the engine lathe the ways or vees and the cross 
slide of the tool carriage must be parallel to or at 
right angles to the axis of the spindles within set 
limits. In engine lathe construction the limit set for 
this is 0.001" in a foot of length. In testing the parts. 
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use is made of the Universal Test Indicator with the 
needle reading on a dial or upon a sector arm. The 
indicator may be clamped to a test bar, a straight 
edge, or direct to the lathe spindle; also, if desired, 
it can be and often is held upon a special slider 
stand fitted to the vees of the machine. 

In the making of shrinkage and forced fits the 
limits are usually those of size. The amount of 
pressure necessary to place the two parts together 
is the limiting factor in the case of forced fits. In 
forcing the axles into locomotive driving wheels, 
the specifications may limit the pressure to between 
one hundred to one hundred and fifty tons. However 
specified, it in fact reduces to limits of size and the 
use of measuring tools. 

Amounts to Leave. Where pins, spindles, etc., 
are to be forced into holes, or where collars, hubs, 
flanges, and other machine parts are to be shrunk 
on to spindles, it is customary to make the diameter 
allowance upon the spindle rather than upon the 
hole. The amount which it is necessary to add to 
the spindle or shaft diameter must of necessity vary 
with the length and diameter of the hole, the metals 
used, and the form of the surrounding hub. The 
tables on the following page show the tolerances 
used by one manufacturer. 


Fig. 5j—Inspection operations are greatly simplified and 
expedited by the right kind of precision tools. ThiB man 
is checking part of an aircraft landing gear. 
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LIMITS OF TOLERANCE 

While it is possible to produce machine parts 
with measurements refined to any degree of ac¬ 
curacy, extreme precision may prove too costly for 
commercial work. 

To avoid waste of time, labor, and money, the 
following may be considered a representative set 
of rules to be used when experience and familiarity 
with the work do not indicate the exact limits to 
use. They define the degree of accuracy to be 
expected in those cases where specifications and 
drawings do not call for greater precision than the 
rules provide for. 

(1) Full information regarding limits of tolerance 
should be clearly shown by drawings submitted, or 
be definitely covered by written specifications to 
which reference must be made by notations on 
the drawings. 

(2) Where the customer fails to supply proper 
data as to limits, the supplier will use his best 
judgment in deciding just what limits it may be 
advisable to work to. The supplier will not, in any 
event, assume responsibility for possible excessive 
cost brought about through working to closer limits 
than may be necessary nor for permitting greater 


latitude than may subsequently be found to be 
proper. 

(3) Where dimensions are stated in common 
fractions (V 2 # V4, Vs, etc.) with no limits of tol¬ 
erance specified, it will be assumed that a consid¬ 
erable margin for variations from figured dimensions 
is available; unless otherwise ordered, the supplier 
will proceed according to the dictates of his best 
judgment as to what limits should be taken. 

(4) For all important dimensions Decimal figures 
should be used and limits clearly stated on detail 
drawings. If Decimal figures are not used for such 
dimensions a notation referring to the degree of 
accuracy required must be placed prominently on 
the drawing. 

(5) It is frequently necessary to reduce fractions 
representing fourths, eighths, sixteenths, thirty-sec¬ 
onds, and sixty-fourths to decimal equivalents. When 
a dimension of this character is expressed in a 
decimal equivalent and carried out to three, four, 
or five places and limits are not specified it will 
be assumed that a limit of plus or minus .001 is 
permissible unless otherwise ordered. 

(6) Where dimensions are stated in decimal fig¬ 
ures derived by other processes than those ex¬ 
plained in paragraph five, but with limits not speci- 
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fied, the amount of variation from dimensions stated 
depends upon the customary practice among indi¬ 
vidual industries and manufacturers. There are no 
universally accepted tolerance standards. The fol¬ 
lowing were used in one particular instance and 
cannot be considered as anything more than rep¬ 
resentative: 


Two place decimals 
Three place decimals 
Four place decimals 
Five place decimals 


.005 plus or minus 
.0015 plus or minus 
.0005 plus or minus 
.0002 plus or minus 


(7) Where close dimensions, such as the loca¬ 
tion of holes from center to center in jigs, fixtures, 
machine parts, and other exact work of like 
character are required, detail drawings should be 
prominently marked "ACCURATE" and plus or 
minus limits clearly indicated. 

(8) The dimensions of internal cylindrical gages, 
external ring gages, snap gages, and similar work 
specified to be hardened, ground, and lapped, will 
be obtained as accurately as the best mechanical 
practice applying to commercial work of the par¬ 
ticular grade specified will permit. 

(9) As drilled holes vary in size from .002" to 
.015" (and in some cases even more) over the size 
of the drill used, those holes which require to be 


be made accurately to definitely specified sizes 
should be either reamed, ground or lapped after 
boring, and detail drawings thereof should bear 
notations accordingly. 

(10) National Standard form of thread and pitches 
will be used for V4-inch and all sizes above. A.S.M.E. 
Standard will be used for numbered sizes below 
V4-inch. 


MISCELLANEOUS TOOLS 

Protractors. Measuring the angular relationship 
of two or more lines or, as it is termed, "reading 
the angles," can be performed with a variety of 
tools depending upon the degree of exactness and 
the job in hand. For simple angles, a common 
protractor will serve, this being either semi-circular 
or rectangular in shape but with a half circle 
(180°) graduated in degrees so that angles can be 
measured or laid out. The rectangular shape has 
the advantage that any one of four edges can be 
used as a vertical or horizontal line of reference. 

Bevels. For comparing or checking angles, a bevel 
serves the same purpose as a steel square for rec¬ 
tangles. It consists of a stock and pivoted blade 
joined by a locking screw. The bevel can be set to 
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a protractor and used as a gage when turning angles 
on a lathe or the stock and blade can be locked to 
transfer any angle from the work to a protractor. 
The addition of an auxiliary blade results in a 
combination bevel , a more versatile and adaptable 
tool. 

Bevel Protractors. A protractor and bevel are 
combined for greater convenience in the universal 



Fig. 52—Starrett No. 493B 
Protractor may also be 
used as a depth gage. 


bevel protractor. It consists 
of a graduated disk with 
a fixed blade and an ad¬ 
justable stock. With this 
tool, any angle may be 
laid off or measured by 
reading the angle of stock 
and blade as shown on 
the protractor scale in de¬ 
grees. The addition of a 
Vernier plate increases the 
accuracy of direct readings 
to a limit of five minutes or 
one-twelfth of one degree. 

Fig. S3 —Applications ot 

the Combination Bevel. 
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Drill Point Gages. Accurate holes can be drilled 
only when drill points are ground accurately. When 
properly sharpened, each lip of a drill is the same 
length and has the same angle in relation to the 
axis of the drill. A drill point gage should be used 
to check lip angle and length of all drills not 
sharpened with a precision grinding machine. The 
gage consists of a blade and sliding head with 
the head set at the correct angle of 59° and gradu- 


Fig. 54 —A Universal Bevel Protractor combines the features 
of a bevel and protractor. When equipped with a Vernier 
scale, it may be read to 1/12 of a degree or 5 minutes. 


ated to compare lip lengths 
to within 1/64 inch. 

Checking the clearance 
angle of milling cutters and 
reamers which may vary from 
2 degrees to 15 degrees ac¬ 
cording to the design is made 
easy with a Cutter Clearance 
Gage. Consisting of a frame 
with a protractor section grad¬ 
uated in degrees, an adjusta¬ 
ble bar and a pivoted blade, 
the tool may be used to check 
either side or peripheral clear¬ 
ances of end, side, spiral, 
helix or inserted tooth cutters 
from 2 to 30 inches in di¬ 
ameter. Readings are made 
direct and it is not necessary 
to remove the cutter from the 
arbor of the milling machine 
or grinder to check clearance 
as with other less effective 
methods. 

A Universal Precision Gage 
is used to set the cutting tool 



Fig. 55 —A Drill Point 
Gage checks both lip 
angle and lip length, 
insuring properly 
sharpened drills. 
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of a planer or shaper as shown in Fig. 57. This 
gage with its range of 10V 4 inches, fine adjustment, 
inbuilt level, and scriber and offset attachments 
can also be used as a surface or height gage, for 
settings in narrow areas, for gap measurements, 
face to face, as an adjustable parallel, for transfer¬ 
ring settings with indicators, for checking and lay¬ 
out, as a scriber, with gage blocks, etc. 


Fig. 56—The Cutter Clearance Gage is adjustable for 
measuring the clearance angle of any type of cutter. 


Fig. 57—By setting a Universal Precision Gage to a microm¬ 
eter, height gage or vernier caliper and then bringing 
the cutting tool of a planer or shaper into contact with it, 
the first cut may be absolutely relied upon. 
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1 mile = 8 furlongs = 80 chains. 
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mile 

10 Kilometers = 1 Myriameter (Mm.) = .6.213824 miles 

1 inch = 2.54 cm., 1 foot =0.3048 m., 1 yard = 0.9144 m., 1 rod = 
0.5029 Dm., 1 mile = 1.6093 Km. 








DECIMAL EQUIVALENTS, SQUARES, CUBES, 
SQUARE AND CUBE ROOTS, CIRCUMFERENCES 
AND AREAS OF CIRCLES- FROM % 4 TO V 2 INCH 


Circle* 

Area 

.000192 

.000767 

.001726 

.003068 

n* CO CD CM 
OOC3N 
CNC3COCM 
^ CD 03 CM 

O O CD '—' 

O CD O CD 

.015532 
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m co co 

O OO tT OO 

LO •— I o 

CM CO CD 

COCOM*^ 
oooo 
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.092806 
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.110445 
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O CO CD O 
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CM m CM co 

-MN ^ CD 

CD SCO CD 
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03 CO o to 
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—< CD CD CD 

cd co co 

l/ 3 in 
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■ — < CM CO ^ 
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CD CD ^ fs. 

CD N CD lO 
^m<DN 
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CO oo CO oo 

OO CO CD CD 

1.03084 
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1.17810 

1.22718 

1.27627 

1.32536 

1.37445 

1.42353 

1.47262 
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Cube 

Root 

CO CO lD 

03 lO 00 
o CD 
in •— 1 CD CD 

CM CO CO CO 
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CM CM 
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.125 

« Sq - 
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.25 
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Dec. 

Equiv. 
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.125 
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Fraction represents diameter. 
































DECIMAL EQUIVALENTS. SQUARES. CUBES. 
SQUARE AND CUBE ROOTS, CIRCUMFERENCES 
AND AREAS OF CIRCLES, FROM 3 % 4 TO 1 INCH 


Circle* 

Area 

.208813 

.221660 
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Fraction represents diameter. 
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Tap Drills allow approx. 75% Full Thread 
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For Whitworth Standard 



























INDEX 


Page 

Accuracy, Limits of . 1 
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The Name You Look For On PRECISION TOOLS Means 
The Same Quality And Dependability On 


STARRETT 

HACKSAWS 

STARRETT Hacksaw Blades 
cut faster and last longer. There 
is a STARRETT Hacksaw for 
every job — Standard Flexible 
Back, All Hard and "Semi-Flex," 
”S-M" Molybdenum, "Safe-Flex" 
"S-M" Molybdenum High Speed 
Steel and 18-4-1 High Speed 
Steel—for all kinds of hand saw¬ 
ing; "S-M" Molybdenum, "S-M" 
Molybdenum High Speed Steel 
and 18-4-1 High Speed Steel for 
light and heavy power sawing 
of high alloy metals, stainless 
steel, phosphor bronze, tool 
steels, monel, etc. 



STARRETT BAND 
SAWS FOR METAL. 
WOOD and PLASTICS 

STARRETT hard edge, flexible 
back Metal Cutting Band Saws 
are available in 10 widths, 3 
gauges and 8 pitches, in coils 
of 100 ft. and 250 ft. or cut to 
length and welded for cutting 
steel, etc. STARRETT "Skip- 
Tooth" Band Saws are available 
for fast cutting of magnesium, 
aluminum and other non-ferrous 
metals, also for wood, plastics 
and special compositions. STAR¬ 
RETT Wood Cutting Band Saws 
hold their edge well, yet can be 
resharpened and reset to give 
long life. STARRETT Spring Tem¬ 
pered Metal Cutting Band Saws 
for fast cutting of non-ferrous 
metals at high speed. 


Litho'd in U.S.A. 






